Hauterivian biogenic deposits from the Prebetic northern margin near Caudete (Albacete Province, southeastern Spain) are represented by low domed bodies, less than 10 m thick, surrounded by bioclastic sediments and capped by siliciclastics. They consist of a coral, stromatoporoid and microbial framework with cavities filled by mud, rapidly lithified. Intermound bioclastics, derived from the mound organic community, reflect high energy conditions and shallow water settings. Mound growth and architecture were controlled by nutrient fluxes and internal light gradients.
Introduction
Cretaceous shallow marine, calcareous, biogenic mounds either reported as reefs or mud-mounds are mainly documented from the Mediterranean and Caribbean regions. Whereas skeletal domi nated frameworks are characterized by corals or bivalve rudists, non skeletal buildups are essen tially related to mud mounds and/or microbial bioherms (Masse and Philip, 1981; Scott, 198 8; Camoin et aI. , 198 8; Negra and Purser, 1989; Pascal and Przybyla, 1989; Fermindez-Mendiola and Garcia-Mondejar, 1989; Scott et aI., 1990) .
The purpose of this contribution is to illustrate biogenic mounds of early Hauterivian age first recorded by Vilas et al. (1982) . Because very few examples of lowermost Cretaceous biogenic mounds have been documented till now (Scott, 1988; Jansa et aI. , 1982 ) the present study was achieved and deals with the following aspects: -geographical and geological setting, including biostratigraphic context, -stratigraphic setting, -mound description including: morphology and size, internal structure and its biological content, lateral and vertical zonation, -intermound sediments, -palaeoenvironment and importance of early diagenesis, -comparisons with closely related structures, from the geological record and from Recent environments. The studied area is situated in the Sierra de la Oliva, in the SE of Spain, near the SE boundary of Albacete Province, between the cities of Caudete and Almansa (Fig. la) . This zone is located in the Betic structural zone, at the northern boundary with the tectonically stable Meseta zone. This boundary is represented by an important reverse fault that separates the two tectonic domains.
During the early Cretaceous, prior to the late Barremian-early Aptian transgression, the studied area was adjacent to a northward emerged domain (including both the Meseta and the Albacete regions) i.e. in proximal position relatively to the Betic sedimentary basin southwards.
Northwards, in the Southern Iberic Basin, there are, locally, littoral sediments of this age (Mas, 1981; Mas et al. , 1982; Perez del Campo and Zabala, 1982) (Fig. 1b) .
The investigated sediments pertain to a Upper Valanginian-Lower Hauterivian succession (Fig. le) developing in the Caudete-lumilla region in three shallowing upward, northward onlapping sequences (Masse et al. , 1993a) . In the Sierra de la Oliva the lowest sequence is missing. The 24 m thick section unconformably overlies limestones and marls with siliciclastic beds, ascribed to the Berriasian, and is capped by sandstones of late Hauterivian age (Masse et al., 1993b) . The Sierra de la Oliva section was described by Fourcade in 1970 . The studied interval named "Upper biocon structed limestones" after Masse et al. (1993) was presented by Vilas et al. (1982) as possibly Valanginian. The corresponding unit is now ascribed to the early Hauterivian, an age assess ment based on the occurrence of: Meandrospira favrei (Charollais et al.), Trocholina molesta Gorbatchik, Choffatella decipiens Schlumberger, Suppiluliumaella cf. tubifera (Nikler and Sokac), Neomeris sp. and Pachytraga tubiconcha Astre (Masse et al., 1993b) .
Stratigraphic setting
The Sierra de la Oliva section shows two broad sequences (Fig. 2) . The lower sequence starts with a ferrugenous, nearly horizontal, irregular surface truncating the top on the underlying Berriasian beds. The lower part (6 m) consists of alternating marly limestones and packstones-grainstones with some corals, in a bioclastic or locally oolitic matrix containing bryozoan, echinoderm and bivalve fragments and foraminifera (Lituolidae and Lenticulina). The upper part is a massive carbonate unit (5 m) with scleractinian corals and stromato poroids in a wackestone matrix, locally grainy. This unit is split in its middle by a bioclastic packstone-grainstone with: coral, bryozoan, dasyclad and coralline algal fragments, and is capped by another bioclastic bed ending with a planar ferrugenous surface.
The upper sequence starts with cross-bedded, coarse-grained calcarenitic, bioclastic grains tones, containing green algal, echinoderm and bivalve fragments and foraminifera (Neotrocholina, Lituolidae, Meandrospira). Its thickness is 4-5 m. The upper part corresponds to the biogenic mounds and associated sediments, herein described.
Cross-bedded siliciclastic sandstones drape the mounds and intermound sediments and locally contain limestone clasts or reworked fossils derived from the mounds.
4. Characters of the biogenic mounds 4.1. External shape (Fig. 3) Outcrop observation allows us to trace a mound rich horizon, over a distance of 2 km, where indivi- 
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���t�. ljt� �����J il� Depositional relief from the surrounding sea floor was probably less than a few meters.
Biological content and internal structure
The mounds are massive carbonate bodies pos sessing decimeter-sized scattered colonies of corals and stromatoporoids embedded in a micritic matrix (Fig. 4) . Rudists and gastropods are also present but are subordinate.
Corals show representatives of the follow ing families: Microsolenidae. Thamnasteriidae, Stylinidae (Morycowa, work in progress). Stromatoporoids and chaetetids are relatively diverse but their precise identification still needs to be achieved. Rudists are illustrated by poorly defined requieniids and Pachytraga tubiconcha ( Fig. 5.6 ). Calcareous sponges belonging to Corynella (Fig. 5 .5) and Barroisia are not uncom mon. Sponges are also represented by spherical and acicular spicules, the latter sometimes pre served in situ as a framework in a micritic matrix ( Fig. 5 .2). Both types were initially siliceous and are preserved as secondary calcitic spar. The spheri cal spicules are frequently aggregated in the walls of coscinophragmatid foraminifera (Fig. 5.3 ). These spicules are ascribed to the family Geodidae. Recent examples having been reported on coral reef slopes (Macintyre, 1977) . Lithophagid bivalves are common, locally abundant ( Fig. 4.2) . Elliot asSOCtatlOn, foraminiferas: coscinophragmatids, Bul/opora and other poorly defined calcareous encrusting forms (e.g. nubecularids). Coscinophragmatids which play the major role are tentatively ascribed to Coscinophragma cribosum (Reuss) (Fig. 5.3) . Their organization and encrusting habit are very similar to those from Bdelloidina urgonensis Wernli and Schulte which is a significant frame builder in the Urgonian of SE France (Schulte et aI., 1993; Wernli and Schulte, 1993) . Different kinds of annelids are also recorded. Echinoderms and non encrusting algae are present as fragments in the sediment matrix. Dasyclads are represented by: Carpathoporellafontis (Patrulius), Zittelina hispan ica Masse et al. and Terquemella. Caulerpales are illustrated by the genus Boueina.
All the macrofaunal elements both sessile and mobile, may act as substrate or nuclei for stromat olitic encrustations, which consist of millimeter thick crusts, the laminae of which pertain to two main types :
( I ) Dense finely laminated micritic crusts as well as closely related pelletoidal structures which are ascribed to the calcification of microbial mats, including both bacteria and cyanobacteria (Fig. 6) . The term "pelletoidal" is used after Blatt et al. ( 1972) and is preferred to the more general and less specific "peloidal". Pelletoidal has the same meaning as "clotted micrite" or "structure grumel euse" used by some authors. Pelletoidal structures have been illustrated from numerous fossil or modern buildups (see discussion in Pickard, 1992) and are prominent features of microbial mounds (J ames and Bourque, 1992) as well as sponge mounds (Bourque and Gignac, 1983; Bourque and Boulvain, 1993) . Calcification is favoured by alka line and reducing conditions; it therefore mainly occurs in the subsurface of the mat (Berner, 1969; Shinano, 1972; Morita, 1980; Mitterer and Carter, 1977) . The diagenesis results from the combined action of a specific assemblage of functional groups of microbes (Van Gemerden, 1993) . The crystal habit and mineralogy of the calcified products are determined by fluid flow rates (Given and Wilkinson, 1985) controlled by the viscosity of the growth medium (Buczynsky and Chafetz, 1990) .
Micritic crusts are irregular, wavy or domal. The planar/wavy structures can grade upward to minute columns (Fig. 6.2) .
(2) Skeletal microbiotic crusty elements of vari ous taxonomic position are also tightly integrated in the stromatolitic crusts, including: calcareous sponges, bryozoas, foraminifera (specially cosci nophragmatids), calcareous algae and annelids.
The fundamental mound architecture is there fore made of a macro skeletal precursor bound by stromatolitic accretions resulting in a skeletal! stromatolitic supported framework subsequently infilled by muddy sediment. Evidence for primary internal cavities generated within the coral/stro matolitic framework, is provided by dense micritic or clear microsparitic geopetal sediments (Figs. 4.3, 6.3, 7. 3). The primary cavities are charac terized by their irregular roof (Fig. 7) .
Micritic sediments filling the skeletal/stromato litic framework is also present in organic borings. In some instances bioerosion was so active that the primary skeletal framework is preserved only as delicate anastomosing remnants corresponding to less than half of its estimated initial volume (see Fig. 4 .2).
Top andflank "breccias"
Decimeter-sized elements including both lithoclasts of mound sediments (e.g. packstones with gastropods and algae) and coral colonies are present on the mound flanks, with thicknesses fluctuating from some decimeters to one meter. Although this facies is irregularly distributed, it is clearly oriented parallel to the depositional slope.
Centimeter-sized skeletal rubble consisting of corals, stromatoporoids and stromatolitic/skeletal elements frequently overlie the tops of the mounds. This facies represents the destructional and reworking phase of the primary skeletal com munity or even the lithified mound-structure itself; its thickness never exceeds 2-3 dm.
Intermound sediments
Intermound sediments are regarded either as time equivalent or postdepositional relative to the mound growth. In general, they overlap the mound flanks with a low angle and tend to fill intermound depressions with concave upward stratal geom etries.
These consist of graded bioclastic deposits com posed of coarse heterometric grainstones with rounded, abraded, sand-sized or gravel-sized com ponents (Fig. 8) . The coarser fraction is dominated by coral, stromatoporoid and rudist fragments and pieces of bioaggregations, i.e. broken fragments of polytaxic crusts including: bacinellid/microbial structures, foraminifera, calcareous algae, bryozoa. Foraminifera and dasyclads are rare but Boueina debris and Terquemella are common. Locally shelly intercalations may possess stromatolitic encrust ations forming in situ stabilized frameworks of minor vertical and lateral extent, which grade laterally into sandy sediments. Mechanical grain abrasion seems to be coeval with microbial alter ation as shown by the widespread occurrence of well developed micritic grain coatings or crusts.
Palaeoenvironment
The biogenic mounds developed in very shallow water: in the infralittoral zone sensu Peres (1982) with photophile organisms, such as calcareous green algae (dasyclads) as well as hermatypic corals, rudists and chaetetids. Sciaphilic biota, like bryozoa and calcareous sponges are present, but played a limited role. Whereas hard to firm bottom, epifaunal, suspension feeding or symbiotic organisms formed the primary skeletal framework, the secondary framework was made by microbial and other microbenthic elements including auto trophic (i.e. photosynthetic and chemosynthetic) and heterotrophic organisms .
Vertical zonation is almost absent in the mounds. Nevertheless coarser grainy intercal ations, lithocIasts and skeletal rubble are mainly concentrated at the top. This tendency suggests an increasing upward hydrodynamic instability corre lated with a shallowing upward evolution. However, relatively high current energy sediments are not only recorded near the top but also on the mound flanks. This pattern shows that hydrody namic gradients suggested by the biota and facies are not necessarily depth related.
Recurrent palaeoenvironmental changes during mound growth must be invoked for interpreting biological modifications from coral to stromatolitic communities. Such modifications could reflect fluctuations in nutrient availability, a process which has been documented from modern reefal environments. As shown by Birkeland (198 8) and Hallock (198 8) , coral growth is inhibited by nutri ent excess (i.e. eutrophic conditions), as clonal symbiotic organisms, corals can only thrive in oligo-to me so trophic environments. Eutrophic conditions promote communities with small, fast growing organisms, especially algae, and increase bioerosion due, in particular, to boring bivalves, clionid sponges and cryptofauna in general (Hallock, 1988) . Variations from near oligo trophic/me so trophic to eutrophic conditions are therefore proposed to explain recurrent coral and stromatolitic biota. High nutrient levels also explain the high density of sponge and bivalve borings and subsequently an elevated rate of mud production.
The microbenthic communities show a distinct sequence of development which starts with a micritization or bacinellid boring and infilling of the colony. Subsequent stages correspond with coscinophragmatids and Polystrata with inter spersed pelletoidal or micritic laminae, capped by a dense or clotted microbial micrite. Bryozoa, calcareous sponges and annelids are more frequent on the flanks of colonies. This situation is clearly light related: sciaphilic encrusters thrived mainly on the shaded flanks rather than on the illuminated tops. The entire sequence itself could also reflect light reduction related to increasing cryptic con ditions (and restriction ?) generated by the continuous upward growth of the framework. Te mporal variations in sedimentary suspensions could be inferred by considering the ability of the community members to thrive in high or low water turbity. Quartz grains are selectively incorporated in the coscinophragmatid walls, and are absent in the sedimentary matrix, suggesting that cosci nophragmatids preferentially developed during phases of high water turbidity with particulate siliciclastic fluxes. Short term fluctuations in nutri ent fluxes, correlated with the suspension varia tions, could be also envisaged. The relationships with adjacent intermound sediments show that episodic hydrodynamic events were able to rework and transport components of the mound epibiotic communities as well as some "deeper" parts of the structure, i. e. the organically bound, lithified base ment. This suggests that the mounds were thriving in open marine agitated waters and that the exter nal shape was probably influenced by hydrody namic gradients concurring with the biological control.
Importance of early diagenesis
Early diagenesis was critically active at different levels and at different stages of mound growth.
First of all the hardening of the secondary stromatolitic framework reflects the early calcifi cation of the microbial mats, as discussed above. The rigidity of the biological framework is docu mented by the existence of primary cavities, their subsequent sedimentary infilling and the occur rence of borings. Early diagenesis is also appealed to for interpreting the lithification of the infilling and entrapped muds, probably derived from nearby in situ bioerosion. The intensity of boring activity suggest a high production of fines. Clionid sponges are known to produce silt-grade "sponge chips" (sensu Rutler and Rieger, 1973) while litho phagid bivalves produce mud grade elements (Adjas et aI. , 1990) . The primary mineralogy of the corresponding substrates implies that the fines were mainly aragonitic, an interpretation fitting with the microsparitic habit (here considered a neomorphic microstructure derived from the recrystallization of the former aragonite) of the geopetal wackestones (Figs. 6.3, 7. 3). Denser micritic sediments trapped in the biological frame work could have had a different ongm. Considering that during the Cretaceous the inor ganic precipitation of carbonate was mainly calcitic (Sandberg, 1975 (Sandberg, , 1983 , a significant part of the mud could have been primarily calcitic.
Early lithification can explain how mound growth would have been effective in shallow and relatively high energetic conditions.
Comparisons
The carbonate mounds described herein differ genetically from mud-mounds by the paucity of mud S.S.: the micritic fabrics are only partly mud derived. They also differ from microbial mounds because microbially-generated products are only partly involved in the mound formation. They finally differ from skeletally supported buildups by the lack of an actual skeletal framework, i.e. rigid interconnecting elements produced by macro biotic organisms. Microbial accretions acting as binding agents are tightly associated with a wide variety of microscopic, skeletal, in situ components (fora minifera, calcareous algae, porostromata, etc. ) involved in the framework. They possess many attributes regarded as characteristics of classical Palaeozoic mud-mounds (Pratt, 1982; Monty, 1990; Pickard, 1992; James and Bourque, 1992) : -their external shape, i.e. domal, is similar, -they are flanked by intertonguing bioclastic sediments, the skeletal components of which are geneti cally related to those from the mound fauna, -early lithification is extensive, -microbial activity is very important.
Salient differences are nevertheless to be stressed: -vertical and lateral dimensions are smaller, even if some late Palaeozoic buildups can be of similar dimensions, -skeletal, clonal organisms (corals and stromato poroids) play a significant role as framework con tributors, even if the mounds were, by no means, skeletal framework buildups, -stromatactis structures are absent, -soft deformation structures are lacking, -early fracturing has not been clearly docu mented, -early marine cementation is not observed, as the result of complete occlusion of open space by muddy sediments, -they developed in shallow water, whereas many of the Palaeozoic mounds are ascribed to relatively deeper settings.
The mounds show some similarities with Cretaceous occurrences. Corals with stromatolitic encrustations have been documented in cnidarian biostromes of the Barremian-Lower Aptian from SE France and the Upper Aptian from Algeria (Masse, 1979) . In these instances corals acted as frame builders and the stromatolitic crusts do not show any binding pattern; moreover the stromato litic fabric is "monotaxic" and mainly micritic. The corresponding bodies were not topographi cally anomalous. The most similar described Cretaceous buildups are those recorded in the Aptian-Albian from northern Spain where different types of mud-mounds have been described (Pascal and Przybyla, 1989) . The size and shape of the northern Spain buildups are often similar to those described here, though some are signifi cantly larger, and the internal structure is mainly microbial (bacinellid and pelletoidal framework) with a reticulate network in which the cavities are infilled with a "light micrite". Early lithification is extensive and there is some evidence for early subaerial leaching.
In Recent settings, specially in coral reef eco systems, stromatolitic/microbenthic skeletal crusts attached to coral frameworks are well documented. Micritic-pelletoidal and laminated organic coatings ( = "matrix cement") have been described in fring ing reefs of Panama (Macintyre, 1977) , where multicyclic patterns of boring, sediment infilling and lithification can obscure the original skeletal coral frame. Similar crusts have also been described by Marshall (1983) in the southern Great Barrier reef, and J ones and Hunter (1991) at Grand Cayman.
In many of these instances the crusts were purely microbial as are those described in high energy reefs from French Polynesia (Montaggioni and Camoin, 1993) . Polytaxic assemblages with well expressed sequences, e.g. corals, rhodolites, foraminifera and microbialites, documented from the Late Pleistocene on Grand Cayman and San Salvador Island (Jones and Hunter, 1991) as well as from the Upper Miocene of Spain (Riding et aI., 1991) , are very similar to those from the Hauterivian mounds, but they are subordinate to coral in building the reef framework. Coral mud mounds recorded in the deep lagoon of New Caledonia island (Masse et aI., 1989) are charac terized by the dominance of mud and a coral framework, microbial products have not been recorded and there is no evidence of an inorganic lithification (at least on the mound surface). Sh allow water mud-mounds, like those from Florida Bay, are different because their origin is mainly biodetrital (Bosence, 1990) .
Conclusions
Shallow water, calcareous biogenic Hauterivian mounds are described from the northern edge of the Prebetic domain, in SE Spain. These mounds settled on and were embedded in bioclastic grainstones, and were capped by siliciclastic depos its. Their shape is low domed, with an horizontal basal surface. They are generally linked by their bases and their thickness is less than 10 m. Their internal structure consists of a skeletal precursor (corals and stromatoporoids) with secondary microbial accretions containing a rich microben thic skeletal association, resulting in a macroskele tal/stromatolitic rigid framework with intervening cavities. Different kinds of muds accumulated in the depressions or filled the primary cavities closing nearly all the available open space. Early lithifica tion was extensive, enabling colonization by boring organisms (clionids and bivalves) which generated significant quantities of secondary carbonate mud. Organic coarse rubble and breccia are present on the tops and flanks of the biogenic mounds. Intermound sediments are coarse bioclastic sands genetically linked with the mound biological assemblages. Mounds grew in shallow water set tings, with possible recurrent palaeoenvironmental changes, mainly nutrient fluxes. Short term modi fications are also suggested for the microbial! micro skeletal communities, the sequence of which was controlled by light gradients related to particu late suspension fluctuations or increasing cryptic conditions.
Genetically the mounds are fundamentally bio genic comprising mixed macro skeletal and micro bialjmicroskeletal components with subsequent additional sediment input. They are therefore com parable in some respects to certain Palaeozoic mud mounds from which they nevertheless depart in many aspects. They are also similar to some other Cretaceous biogenic reefs or mounds with a sig nificant microbial control. Some striking similari ties are also to be stressed with late Tertiary and Recent coral reef internal structures.
